Further, after adjustment of age, IQ, socioeconomic status, weight status, and aerobic fitness level, the proportion of intake comprised of water (%TW) was negatively correlated with reaction time interference, that is, the ability to maintain task performance when task conditions demanded greater inhibition. Conclusions: These results indicate an association between water intake and cognitive control using a task that modulates inhibition. Specifically, higher water intake correlated with greater ability to maintain task performance when inhibitory demands are increased. Future work is needed to determine the mechanism by which water influences cognitive control among children.
Introduction
Adequate fluid intake is crucial to sustain vital physiological functions, including transportation of oxygen, nutrients, and waste products [1] . Considering the systemic adverse effects of dehydration, it is likely that the brain and cognitive function are not immune to the detrimental effects of inadequate fluid intake. However, the influence of water intake on childhood cognitive function is unclear. This is a matter of concern, because children, in particular, may be at risk for dehydration because they are dependent on adults for the provision of fluids [2] . Further, there is evidence suggesting that, relative to their hydrated counterparts, children who are chronically dehydrated exhibit poorer cognitive function [3] .
Given that the brain continues to undergo developmental changes throughout childhood, the identification of dietary factors associated with cognitive function has important implications for cognitive health throughout the lifespan [4, 5] . Cognitive control (i.e., executive control) is of particular interest because it encompasses processes that underlie goal-directed behavior and are orchestrated by activity within brain circuits that rely heavily on the prefrontal cortex [6] . In other words, cognitive control enables us to adjust our behavior to changing environmental demands. Previous research among children has demonstrated that aerobic fitness and obesity have contrasting and selective effects on cognitive control [7] . In addition, an emerging body of literature has begun to characterize the role of dietary components in mediating cognitive control processes in childhood. However, much of this work has focused on the cognitive implications of caloric macronutrients (i.e., fats, carbohydrates, proteins). Therefore, the influence of water -perhaps the most essential nutrient -on cognitive control in childhood remains understudied.
Accordingly, we assessed the relationship between total water intake and cognitive control among prepubertal children. We hypothesized that higher water intake will correlate with performance on a task requiring variable amounts of cognitive control among prepubertal children.
Methods
This study was based on an exploratory analysis of baseline data collected from a subsample of prepubertal children between 8 and 9 years of age (n = 63) who participated in a randomized controlled trial [Fitness Improves Thinking in Kids (FITKids)]. Participants provided written assent, and their legal guardians provided written informed consent in accordance with the regulations of the University of Illinois Institutional Review Board. Data were also collected on IQ [8] , socioeconomic status (SES), and pubertal status [9] . Height and weight were measured using a stadiometer (Seca; model 240) and a Tanita WB-300 Plus digital scale, respectively. Cardiorespiratory fitness was assessed using maximal oxygen consumption (VO 2max ) via a computerized indirect calorimetry system (ParvoMedics TrueMax 2400). Children were asked to run on a treadmill at a constant speed with increases in grade increments of 2.5% every 2 minutes until volitional exhaustion. A Polar HR monitor (Polar WearLink ® + 31, Polar Electro, Finland) was used to measure the heart rate throughout the test. Criteria for achieving VO 2max are previously described [10, 11] . Water intake was assessed using the average of 3-day food records (2 weekdays and 1 weekend day). Food records were analyzed using the Nutrition Data Systems-Research (Nutrition Coordinating Center, Minneapolis, MN, USA) software. Water intake variables included average daily total water (TW), and % of total food weight comprised water (%TW) for subsequent analyses.
Participants completed a computerized flanker task to assess cognitive control [12] . Children were asked to respond (using a response pad) to a centrally presented target stimulus amid an array of four flanking stimuli, which were task irrelevant. The task consisted of congruent trials, in which flanking fish faced in the same direction as the target fish, and incongruent trials, in which flanking fish faced in the opposite direction from the target fish [13] . In the compatible condition, participants responded to the direction of the target fish with their consonant thumb. During the incompatible condition, participants responded in the direction opposite to that of the target fish. After 40 practice trials, participants completed 150 trials (75 trials × 2 blocks) in each compatibility. Stimulus duration was 200 ms, with a 1,700 ms intertrial interval. Interference scores for response accuracy (congruent -incongruent) and reaction time (incongruent -congruent) were also calculated, within compatibility condition, to index ability to maintain task performance between the two trial types.
Statistical analyses
Associations between water intake and flanker response accuracy and reaction time were assessed using partial correlations, adjusting for confounding variables (i.e., age, sex, IQ, SES, pubertal staging, VO 2max , BMI). An independent t-test was used to determine differences in task performance across groups bifurcated across the median level of water intake. The α-level was set at 0.05, and statistics were performed using SPSS 22 (IBM, Somers, NY).
Results
Participant characteristics, water intake, and flanker performance measures are summarized in tables 1 and 2. While the majority (59%) of participants had normal BMI-for-age (<85th percentile), approximately 70% of the participants were lower-fit (<30th percentile VO 2max -for-age). A comparison of high and low water consumers -based on the bifurcation of the sample at the median level of water intake (1,046 ml/day) -revealed that children above the median exhibited shorter reaction times during the congruent (p = 0.03) and incongruent trials (p = 0.03) of the compatible condition of the flanker task (figure 1). According to bivariate correlations, TW was not significantly related to congruent or incongruent accuracy or reaction time. However, %TW (r = -0.27, p = 0.02) was negatively related to reaction time interference in the incompatible condition. Further, partial correlation analyses revealed that the negative association of %TW (r = -0.31, p < 0.01) remained significant even after adjusting for confounding variables. Thus, increasing water intake was selectively associated with better performance during tasks requiring greater cognitive control.
Discussion
Recent studies have delineated lifestyle factors, particularly the health behaviors of physical activity and diet and their interrelated physiological correlates of aerobic fitness and obesity, on childhood cognitive function [11, 14, 15] . Specifically, dietary lipids and fiber intake have been associated with cognitive control and memory among preadolescent children [14, 16] . The major finding of this study is that chronic water intake may be an additional dietary component related to children's cognitive function. Further, the negative relationship between water intake and task interference indicates that higher amounts of water intake may be selectively related to children's ability to increase cognitive control under more challenging task demands.
Among adults, there are well-established links between dehydration and diminished performance on cognitive tasks assessing attention, memory, and psychomotor function [17, 18] . Limited evidence indicates that this may be true for children as well. Bar-David et al. [3] separated 10-to 12-year olds into hydrated or dehydrated groups (no differences based on sex) based on hydration status assessed by urine osmolality [3] . The dehydrated group exhibited lower performance on the number span task, and it showed trends toward poorer performance on semantic flexibility and pattern identification. Further, provision of water has been shown to improve performance on the short-term memory and visual attention tasks [19] [20] [21] . However, the relationship between chronic water intake and specific aspects of cognitive function are not well characterized. Therefore, the findings from this study provide preliminary support for the importance of water intake for cognitive control in children. a Pubertal staging was assessed using a modified Tanner staging questionnaire [26] . 
